Osteogenic and antiseptic nanocoating by in situ chitosan regulated electrochemical deposition for promoting osseointegration.
Ti and titanium alloy have been extensively utilized in the areas of orthopedics and other related fields, however, limited abilities in antibiosis, ossification and vascularization restrict the application of these materials in clinical. In this research, pulse electrochemical deposition was used as a method to make chitosan regulate Ag+ and Ca2+ in situ, achieving ions' dual regulations and coprecipitation of HA nanoparticles (HA-NPs) and Ag nanoparticles (Ag-NPs) on the surface of Ti. The spherical nanoparticles with even distribution were fabricated by optimizing deposition potential and the concentration of Ag+. The physical stabilities of coatings were significantly improved by the chelation among CS, Ag+ and Ca2+ reducing the release rate of Ag+, Ca2+. The coatings also exhibited noticeable abilities in anti-bacteria. Bone marrow mesenchymal stem cells (BMSCs) displayed adhesion, proliferation and differentiation abilities on the surface of coatings, at the same time the composite coatings revealed promising capability in inducing BMSCs differentiation to osteoblast, which is proved by the results of fluorescent dye. Similar results also can be found in investigations about vascular endothelial cells, desirable adhesion between cells and materials and proliferation are able to prove that this kind of materials has outstanding biocompatibility with VECs cells. The animal experiments indicated that the composite coatings were biocompatible with smooth muscle, myocardium and lung with slightly negative impacts on liver and kidney. According to the results of alizarin red staining, the calcified nodules were dyed red, which reveal that this material can promote bone formation. Electrochemical method was utilized in this research to successfully construct multifunctional composite coatings, such as antibiosis, osteogenesis and angiogenesis, on the surface of Ti.